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Japanese visitors 

are part of new 

cooperative program 

Jeff Pederson photo 

Hirohiko Tsujii examines photographs of a patient that will help the biomedical staff determine the best pion 
treatment scheme for the individual. 
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Pions . . . green chile 
"We will need a pion machine 

eventually , " said I refune, "because 
there is no central repository of 
pion research or knowledge in 
Japan. The government probably 
would support the building of a 
machine." 

Like other Japanese visitors, Ire- 
fune found he had to go to 
Albuquerque for some time to 
procure the proper rice for the diet 
to which he was accustomed. But 
now, he said, "I've gotten to like 
the New Mexican green chile." 

Shigemi Inagaki, a physicist, 
works for the National Laboratory 
for High Energy Physics north of 
Tokyo. Part of a sprawling complex 
devoted to educational research in 
a variety of scientific fields, the 
laboratory is home to a cyclotron 
that has a 20 million electron volt 
energy and a 500 million electron 
volt booster, said Inagaki. 

The first graduate of a new 
department of the University of 
Tokyo, lnagaki received his degree 
in 1966 and studies the "boundary 
regions of science" and how phys- 
ics, chemistry, biology, and mathe- 
matics interact. Although he arrived 
in August, his wife can't come to 

From Hokaido University, 
Foundation for Cancer Research, 
Laboratory for High Energy Physics 

Los Alamos until next July because 
she is unable to leave her teaching 
position until then. 

"The pion therapy and PlGMl are 
both exciting," said Inagaki, who 
works with Don Swenson, AT-1. 
"But the exchange of knowledge 
between different scientific fields in 
Japan may not happen for awhile. 
The medical doctors, for instance, 
consider themselves different, and 
so do the professors at universities. 
I hope this changes, but it may not 
until everyone - from physicists to 
technicians - are given the same 
weight. PlGMl is complicated, and 
needs a team of experts." 

u i t c  

First group returned 
The first group of Japanese 

visitors has returned, but they 
discussed before their departure 
aspects of their work here and the 

Jeff Pederson photo 

Toraji lrefune works with critical dosimetry and computerized treatment 
planning at Los Alamos - sometimes between midnight and dawn. 
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therapy research group that Naka- 
mura organized in Japan a t  the 
request of the Nobel Prize-winning 
Y ukawa . 

Hikaru Inoue, a physicist from 
Hiroshima University, had never 
worked with pions before. He came 
to Los Alamos with his wife Fumie 
and two children; his 1 I-year-old 
son enjoyed the Mountain School 
experience. lnoue learned his En- 
glish during his stay here. 

"We have accelerators in Japan 
but we have no 'meson factories,' 
such as LAMPF," said Inoue. "For 
medical purposes the success of 
the PlGMl - Pion Generator for 
Medical Irradiations - is impor- 
tant." 

Yoshiaki Tanaka, a physician, 
works in the department of radiol- 
ogy at the University of Nagoya. 
Like Inoue, he was sponsored by 
the Yomiuri Shimbun newspaper. 
In his first visit to the United 
States, he worked with the re- 
searchers and patients a t  the bio- 
medical facilities of LAMPF. 

"We had seen some coverage of 
the pion treatment in newspapers 
before we came," said Tanaka, 
"Now we find that even one full 
year is too, too short." There are 
too few scientific journals in Japan, 
he said, plus a great public interest 
in cancer treatment - hence the 
publishing of results in the news- 
paper. 

Pion therapy holds the promise 
of being effective, said Tanaka, 
because normal tissues are not 
damaged as with other treatments. 
"I hope in Japan we can have a 
pion machine constructed," he 
said, "perhaps a smaller one, next 
to a hospital." 

Good patient reactions 
. Tanaka assisted with patient 
treatment, exams, skin reaction 
diagnosis, and so forth. "It is my 
impression," he concluded, "that 



'I guess we 
a// hope we 
car7 have a 
machirie for 
cancer treatment 
in Japan' 

Shigetni Inagaki works with Jim Stovall, A l - 1 ,  on beidtT1 diagnostic studies 
that arc important to the succ~!ss of the PIGMI accelerator project. 

pion paLienLs almost always have a 
good reaction to this therapy. It is 
differcnt from r:oball arid x rays; 
there is less vomiting and diart-hea. 
If pion treatment shows better 
result!;, we may go ahead with this 
i t i  Japan . " 

Norio Saito, a physicist, works 
with rho large IHitachi Company a i d  
is an electron henin expert. He loft  
Los Alamos around August I .  
"We'll bring ba:k information about 
pions, onergy, and nuclear fusion," 
he said. "And w e  will necd a 
proton or elocrron accelerntor ior 
pion treatment. -I here is no such 

mi :IC h i 11 e i r i  J a pa ri to cia y . ' ' 
111 Japan, tie said, many scien- 

tists are hoping lor a PIGMI con- 
struction becmse it could have 
applications beyond pion treatment. 
Saito, who worked with Don Swen- 
son on the small accelerator pro- 
ject, said the push for an olectron 
acc:eleralor in Japan rnay dirninish if 
PIGMI succeeds. He was also 
surprised at tho widespread applica- 
tion of cornpukx technology ai  Los 
Alanios, and noted that many 
people have their own terminals. 

Michikatsu Takai is a physicist 
who works -for the tl;tmarnatsu 

School of Mcdicine. A.t Los Ala- 
mos, he participated in work with 
microdosimetry and radiation, and 
also worked in MP-3, the group 
dedicated to practical applications. 

" I  had some idea of this," said 
1-akai, "but until we used pions lor 
therapy, it was not necessary to do 
microdosimetry - measuring the 
dose absorbed by the patient. So in 
Japan, few people have done this 
work. I guess we all hope we can 
havc a charged-particle machine for 
cancer treatment in Japan." 

Atsuo Akanuma, physician from 
the University of Tokyo, is a radio- 
therapist who also belongs lo an 
American medical board. "It's too 
early to 'tell," he said, "but ,there 
certainly are some prospects for 
this therapy. It will depend on 
effects and economics, but it is one 
step higher .than other therapies." 

There is an anti-nuclear move- 
ment in Japan, Akanuma acknow- 
ledged, but reactors are no1 used 
for medicinal purposes to the extent 
that a I-AMPF accelerator is. A 
national committee report to the 
Japanese government last fall 
stated that such an accelerator was 
needed. 

"They're going to build sorne- 
thing, but I don't know when," said 
Akanuma. An accelerator outside 
Tokyo operates at 58 million elec- 
tron volts and hopes to reach 90. 
LAMPF, by contrast, hits 800 
million electron volts. 

Continuing exchange 
The National Institute for Radio- 

logical Science seems more inter- 
ested in protons and heavy ions for 
therapy, but not pions, said Aka- 
numa. "We will send people from 
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Japan as long as we can find 
them," he continued. "If we can 
buy a PlGMl in two or three years, 
we will need trained people. The 
committee would like to send more. 
Not just to Los Alamos, but to 
other places too. I certainly have and Write art/C/eS 
enjoyed the environment in Los 
Alamos and appreciate the many 
courtesies extended to us." 

Some Visitors are 
supported by the 
yomi,yri Shimbun 

Jeff Pederson photo 

Now back in Japan is the first group of visiting researchers: from left are Yoshiaki Tanaka of the University of 
Nagoya; Hikaru lnoue from Hiroshima University; Atsuo Akanuma from the University of Tokyo; Nario Saito of 
the Hitachi Co.; and Michikatsu Takai of the Hamamatsu School of Medicine. 
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(Editor's nott!: The Atom corte- 
sponded with %e!itaro Naltarnura, 
c:hairman of 1 he dupartnierit uf 
physics at Japan's Tokai University, 
regarding the iritcirest in pion theta- 
py, and asking for cornmen.ts of 
tiideki Yultawa, who won a IUobel 
Prize some 40 years ago fer PIC:- 
dicting the existence of the pion 
particle. Reprints of Nakamura's 
letter and Yukawa's ilrticle fcrllow. 
The translation oF Yukawa's artic:le 
is being printed by the Atom 
exactly as it was received. 

C H *  

Dear Mr. I'ectcrsoti: 
In rcsporise to your letter, I a n  

:;eriding you a copy of a translation 
of Ptof. Yukawa's article, which 
was pririted in tt in Japanese pcriod- 
ical Sozosei 110 Sekai (Creative 
World ) . 

As you susptxt, Prof. Yukawa is 
iiow in bed arid very weak in heart. 
l i e  expresses hi:; hearty thijrilts to 
your very kind cmnsideration. 

L3y the warrnest friendship and 
generosity of Louis Rosen and 
Morton Kligerman, our young 
people could have an opportunity 
of taking part in ttie rernarkahle 
works of rnesori therapy program in 
I-AMPF'. 

Fout- of tticrn who have lately 
returned talked to us the excite- 
ment. and hopes of youi future 
accornplistimerits, which caused a 
sensation arnorig mctlical worlds in 
Jiipari. 

-- Seitaro Nakarnura 
Tokai University 

"It \NBS great shock when I read 
;I news on .the Yorniuri (newspaper) 
that pion theriipy of cancer is now 
tried arid tho result of the experi- 
rn (.! r i l  is satisfactory . -1. he won der u I 
experiment i:; uriderl-akon in Los 
Alarrios Scieritific Labora-tory, and 
l.ho leac-iers o i  the experiment are 
IL0Ui:i Rosen and Morton Kligerman. 
At, that time, I WRS hospitalized and 
was a\Ni:ikori of my disease, .that is a 
ca ricer. 

"Of course, I did not expect that 
the pion therapy could be directly 
used for curing my disease. Even if 
we start now in Japan following 
and learning the activity of Los 
Alamos people, we have to wait 
many years of construction until 
the completion of the machine. 

"Apart frorn the treatment of my 
own disease, this news brought me 
a great pleasure to see that pion 
which I imagined forty years ago by 
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pure reason of theoretical physics is 
turned out to be useful for rescuing 
people from the affliction of can- 
cer. Also it encouraged me con- 
siderably in my later days of a 
medical treatment care. 

"I know the critical discussion 
whether the science is primarily 
good or evil. Such skeptic discus- 
sions have been made from a long 
time ago. It is hard to give a 
definite answer to this question, 
since the fruits of science can be 
used either for the purpose of good 
or for that of evil. In fact, no one 
can doubt the destructive use of 
nuclear physics in the atomic bomb 
and the hydrogen bomb. This may 
be considered as a typical example 
of a misuse of the progress of 

"It is clear that pion has nothing 
to do with nuclear weapons. At 
first, the application of pion was 
never thought of. I took it to be 
happy, however, because the possi- 
bility of being misused is automat- 
ically ruled out. If the possibility of 
application of pion could ever be 
realized for the destruction, the 
damage would be worse. 

"In fact, the elementary particle 
reaction belongs to a higher cate- 
gory than the nuclear reaction, and 
therefore the effects of the applica- 
tion may be more fearful. So I 
welcomed the incompetence of 
meson for the purpose of applica- 
tions. I can continue my research 
activity without anxiety of being 
misused. 

"However, there are a number of 
difficult problems. We have not yet 
constructed a suitable accelerator 
which enables us to generate pion 
beams with the ample intensity and 
with a suitable energy. Also, in 
order to accomplish a project of 
building up a pion generator and to 
proceed with the required research 
work, we have to settle down to 
work. 

"Several workers in the different 
fields should come to join the 
collective works systematically, in 
physics, medicine, biomedicine, 
and also technical engineering. This 
is a sort of inter-disciplinary work, 
and it is especially difficult in 
Japan. Our people in the research 
fields have no such experience. 

'Several workers in the different fields should come 
to join the collective work systematically ' 

fundamental physics, which might 
lead us to a fatal collapse of 
modern civilization. 

"Before such a critical situation, 
we who are working on the atomic, 
nuclear, and elementary particle 
physics regret ourselves deeply. 
Our long cherished desire is that 
the results of scientific research 
should be used for anything good, 
for the happiness of mankind, and 
not for destructive purposes. 

8 

"Now the state of things has 
radically changed. The possibility of 
peaceful use of pion has been 
explored by the Los Alamos people. 
In this situation, I expect its full 
success for the purpose of medical 
treatment of cancer. Of course, I 
hope eagerly that the research 
works should be undertaken in 
Japan also, as fast as possible for 
the completion of pion therapy of 
cancer. 

"So I requested to come and talk 
together with each other in the 
Research Institute of Theoretical 
Physics in the University of Kyoto, 
where I was a director, and about 
20 specialists attended a meeting in 
December, 1975. They organized a 
committee of meson medicine and 
have been preparing for the con- 
struction of a national project of a 
meson factory in Japan." 

- Hideki Yukawa 
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Although trmtrnent of cancer 

patients with pions has shown 
sorm successful results a t  LASL -. 
regression has tieen noted in a large 
pcircantage of cases ~- rescarchers 
say it is way too early to announce 
a medical breakthrough. 

"Pion ,therapy is just i t 1  Its 
infancy. We are just at the point 
where wc feel we can continue, not 
lo where we can prove our hypo- 
theses," said Morton Kligertnati, 
M.D., director of the University of 
New Mexico Cancer Research and 
'Treatment Center, and assistant 
director for radiation therapy ilt l:he 
I-nbora tory. 

Pions riot a l ~ n e  
Cancer trealrnent using various 

'types of particlcs is being con- 
ducted at facilities ol.her than L.os 
Alamos and include:; .the use of 

tioutrnns and heavy ions. Only a t  
,the! Clinton Iy. Anderson Los Al- 
arrios Meson Physics Facility, how- 
evtx, ic; pion therapy underway, 
although pion t.rootrmc:nt is planned 
to bcgih in Canada and Switzerland 
within Ihe next one to two years. 

13earcis of pro-tons travel down 
the hal-l-mile pathway at 1-AMPF, 
striking several targets - the last of 
which produces pions (pi mesons) 
thi-It are directed by large rnagnets 
to the treatnierit area. Pions can be 
controlled to cause destruction of 
cancer cells iii tumors, largely 
sparing norrriiil surrounding tissues 
-fi-orn intense tkiniage. 

" I t  will take years 'to say whether 
pion therapy is superior to other 
troatments," ::;aid Malcmlrn Bag- 
stlaw, M.D., visiting radial.iori on- 
co log i st fro m Stan f c) rd I J  ri ive rsi t y . 

"We are looking for local control 
where cancer has started. We 
probably can't do too much about a 
cancer that has spread through the 
body. " 

At the LAMPF biomedical facili- 
ty, a team that involves physicians, 
physicists and technicians has 
treated 67 cancer patients of vari- 
OLJS ages in the pas1 four years. The 
first patient received pion treat- 
ments in October of 1974, and 
three other persons were treated by 
Christmas of that year. Due to 
rnechanical refurbishing and instal- 
lation o l  shielding, no patients 
could be treated for the next 18 
months; the treatments began 
again in June, 1976. 

Currently, 13 patients are in- 
volved in this unique program. 
They corne from as far away as 

"Pion therapy is j ~ i s t  in its infancy' - Morton Kligerrnan, Ma D. 
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Radiation technologist Carolyn Blies, in this and succeeding photos, readies a patient for pion treatment at the 
biomedical facility. Although some tumor regression has been noted, the staff is not ready to call the cancer 
research a breakthrough. 

Boston, Los Angeles, and the 
Chicago area, although half are 
from New Mexico. Researchers 
must turn away many persons from 
throughout the world who inquire 
about the promise of pions, be- 
cause their tumors are not amena- 
ble to pion treatment - or because 
there is not enough beam time. 

Treatments are scheduled when 
the LAMPF beam is running, so the 
biomedical facility and its staff are 
busy during these periods; they 
may work over a 16-hour treatment 
day, sometimes finishing a cycle at  
6 a.m. 

Patients spend 10 to 40 minutes 
under the pion beam, usually twice 
or more times per day, five days a 
week. Individualized treatment in- 
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volves body molds that hold a 
patient steady during the sessions, 
and the pion beam is shaped to 
direct the proper dose to the 
appropriate area in each person. 

"Our goal is not to take cases 
where we already do well with 
other types of treatments," said 
Kligerman. "We're looking at  pa- 
tients who cannot be treated ade- 
quately with conventional methods 
or combinations that include sur- 
gery, radiation, and drugs." 

Kligerman also said he would be 
discussing results at  The Hague, 

'We are looking for local control 
where cancer has started.' - 
Malcolm Bagshaw, M.D. 



The Netherlands, this fall during a 
third an t i  ~ i a  I i nlo rnati 13 na I meeti iig 
that covers particle therapy pro.- 
grams frorn all over the world. I-le 
rioted that pion .therapy has been of 
kicricfit to 80 per cent of thc 
patierits, improving their abili1.y to 
lend near-normal lives atid pi-o- 
longing their span of comfort. B u t  
tic added that in:;ufficient timt! has 
o I irl pstx  to a ssc?ss the i rri p a ct on 
long-term survival. 

Dramatic resiults needed 
Pion therapy will need dramatic 

clinical results i o  be impressivo, 
said Kligcrman: “If tho cure rate for 
c;iricc?r of the l u n g  is seven per 
ccml, and we increase that ksy 10 
pcr cent, we still only havc a cure 
rate of 7.7 pcr cent. But i f  wc! can 
increase the raie by 100 to 200 per 
cent, we can s I i c ) w  results.” 

Ma I i g n a n cies treated with t t1 e 
I.AMI’F beam include solid tumoi-s 
of the brain, heacl and neck, 
abdomen, and pc?lvis. Patients with 
wrnc of these af’flictions may be 
cii r ed wit t i  cor ivcxi t ioria I kea t men t 
i f  their cancers have been detccted 
a t  a t i  early stage, but those accept- 
ed into the program are all i i i  the 
advanced s tag ts  of the disease. 

”Local control” is important, said 
Kligerrrinn, becnirse a large percent-. 
agc? of the cancer palients who (die 
havc succumbed frotn continued 
growth of the primary tiirnor. In 
addition, the rnore cancer cell:; that 
can be destroyed wi.th pions, the 
lcssct chance thrr-e is for cancfx 
spreading in ttie body ~- and the 
rnore effective drugs can IJO in 
destroying small deposits 0 1  .the 
spread. 

Chernotherapy and imrnuno- 
therapy “arc weak in their ability 1.0 
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locally control a mass," said Kliger- 
man. But these alternate types of 
treatment have higher chances of 
success when combined with radio- 
therapy, surgery, or both, he 
added. 

Many patients have exhibited 
relatively marked tumor regression, 
with little or no reaction in the 
normal surrounding tissues. This 
indicates that pions may have a 
greater effect on some tumors than 
on the normal tissues where they 
arise, but data are not yet sufficient 
to draw firm conclusions. 

Researchers have seen minimal 
side effects with pion therapy at  
dose levels so far given. The pion 
doses are gradually being raised at 
each treatment cycle until the 
maximum tolerance of normal tis- 
sues - such as oral mucosa, 
intestines, and lungs - can be 
determined. 
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Malignancies 
trea ted in dude 
solid tumors 
of the brain, 
head and neck, 
abdomen, 
and pelvis 

Personnel other than patients are 
not allowed in the treatment area 
when the pion beam is being 
directed at tumors. A series of 
cameras allows the staff to watch 
the patient on a monitor screen; 
patient and staff can talk back and 
forth with microphones during 
treatment. 



Kligerman said that studies at 
LAMPF are in an intermediate 
phase, that results are subject to 
change, and that rates of side 
effects could go up. But the fact 
remains that the tumors which 
regressed in the program here have 
done so faster than in other types 
of therapy, he added. 

Other treatment programs are 
underway around the world, Bag- 
shaw pointed out, and pion therapy 
is just one aspect of particle 
therapy in general. In addition to 
the many active neutron facilities, 
types of heavy ions from carbon 
and nitrogen will be investigated at  
Berkeley. European cooperation is 
evident in a pion project at  the 
Swiss Institute of Nuclear Physics, 
which includes a physician who just 

completed a one-year stay in Los 
Alamos. 

At Stanford, particles flying off a 
bombarded target are picked up by 
a large superconducting magnet 
and could be directed to a treat- 
ment area. The Canadian TRIUMF 
facility in Vancouver, British Co- 
lumbia, is preparing for the clinical 
phase of pion experimentation, and 
the Japanese are showing interest 
in the program as well, Bagshaw 
said. 

Physics and biology problems 
can also be explored through the 
pion program, Kligerman said, but 
the direction is always toward 
helping to improve the safety and 
effectiveness of cancer care, he 
added. 

Particle programs 
are underway 
thro ugh0 ut 
the world 

Guarded optimism 
To date, there is guarded opti- 

mism in the pion program, but the 
future is not certain. 

“Whether we go on depends on 
our results,” Kligerman said. ”But 
if we do go on, it will hopefully be 
cheaper with the PlGMl program 
now under investigation, and we’re 
thinking about this aspect also.” 

From the master computer control room, all parts of the biomedical facility are monitored and measurements 
constantly read. Manning the center are Gene Purkiss and Roy Slice. 

14 



Gilbett Suazo, a I-AMPF senbr fabrication technician in MP-8, assisted by 
his wife Martha, both residents cuf Tacrs Puctblo, gave names to the 
numerous niagnets of the bicrrneelical bearn lime. Some weigh a few 
ounces, others thousands of  pounck, arid eaclh performs a specific job. 
The names, from Tiwa dialect, have become pait of this research tool. 

C; t -I  EO C HA I- E 1, II 
~-I-._._I_____ 

81 UE EAGLE 

-I I QN I5  M/!J- 

C; t -I  EO C HA I- E 1, II 
~-I-._._I_____ 

81 UE EAGLE 

-I I QN I5  M/!J- 

TUL ENA 

H W I6 130 M /’ 0.4 - 
I ,  
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Meet PIGMI: 
small brother to 

the meson facility 

An ion source prototype, displayed by Bob Hamm, is encapsulated by an insutating blanket of gas. If a problem 
develops in the central working portion where an arc is struck to create ions, the electric load is 'dumped' across 
the metallic spheres. 
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"The whole idea is to make a 
srriall accelerator for hospitals that 
will treat cancer patienls," said Don 
Swenson. "Wc iopct it vvill be 
much srrialler, arid certainly less 
expensive, than its big brother." 

A simple concept. But how does 
one design and build a prototi 
accelcmtor that is just 13.0 nietors 
lorig, in contrast to its "big broth- 
er," the 850-motor-long LAMF'F - ~ -  

Clinton P. Anderson Los Al;.imos 
Meson Physics F-acility? And how 
does one built1 ti new breed of 
machine that will bc powerful, yet 
reasonably priced with regional 
hospitals iri mind? 

"We had to make sotne ftinda- 
mental developnients," answered 
Swenson, leader of tho Linac Tech-- 
riology Group (AT-1) of the Accel- 
e rato r Tech n o I og y D ivi si0 t i .  "0 u r 
goal is 1.0 makc PIGMI the length of 
a football field. Increasing tho rate 
of acceleratiori will reduce the 
length of the facility, and using a 
higher radio freqmncy than that 0.l 
LLAMPF will HISO help cut ex- 
perists ." 

The background 
PIGMI, for tho uninitiated, slatids 

lor "Pion Generator for Medical 
Irradiations." 'The project t:)egan 
abotil. 'two year!; ;+go in the Modiiirn 
I3ieryy Physics Division, which 
operates LAIVIPF, and involves 
pcople from .tliere and from A.1.- 
Division. F'rogross has been made; 
prototypes of key PIGMI part:; will 
bo completed by the end of the 
yc:s r. 

"We think PIGMI can be built for 
about $10 million, and a sn-tall 
t iout I on- prod uc:i rig version c o ~  I I d be 
constructed for less than $2 million. 
Whether this will sell like holcakcs 
ot not, we don't yet completely 
know,'' said Swenson. 

At the large! M M P F  complex, 
patients have been treated lor 
tumors under the direction of Mor- 
ton Kligerman, assistant director for 
radiation therapy at LASL, and also 
director of the University of New 
Mexico Cancer Research and Treat- 
rrient Center. Part of the powerful 
LAMPF beam line is diverted by 
large magnets to the biomedical 
facilities, after [Irotons strike a 

target to produce pions. 
l 'ho uniqueness of pions (pi 

meisons) is their ability to be easily 
capturctl by a nucleus, and then 
explode it by converting mass into 
oritqyy. In this way, ionizing radia- 
tion is released under tightly con- 
trolled conditions and destroys can- 
cer cr?k at prescribed depths in the 
hutman body -. minimizing damage 
to surroundincg healthy tissue. 

L3ut ,there arc only a few places in 
the world where pion therapy can 
be applied to patients suffering 
from canccr. Mention is made of 
Uorkcley, R I1:;:jiij, Canada, and 
Switzerland, h u t  only L.AMPI' a t  
present has cnough pion produc- 
tion lo be effec-Live. 

PIGMI will ha/(.: to perform a task 
.that only its big brother so far has 
a cco I Y ~  p I is he t i :  1 h (3 acceleration of 

irilense quantities of protons to 75 
per cent of the speed of light. 
While LAMPF can reach energies 
of 800 million electron volts, with 
an intensity approaching one milli- 
ampere, PIGMI must reach energies 
of 650 rnillion electron volts with an 
intensity of 0.1 milliampere. And 
PIGMI will have to do this in 
one-sixth of the distance available 
to LAMPF. 

The "front end," or injector area 
of PIGMI, will be room-sized, com- 
pared with the four-story Cockroft 
Walton injectors of LAMPF. This 
srvialler size, in terms of height and 
length, would enable a hospital to 
consider building the machine 
underground - perhaps below a 
parking lot. Innovations in the 
program, which is supported by 
l-IEW's National Cancer Institute, 

The 'front end' uf PlGMl could look like this after assembly; a crew of 
perhaps a dcmrr persons could operate it at a regional hospital. 
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would also allow a hospital to 
operate a PIGMI machine with a 
smaller staff than is required at  a 
large accelerator. A staff of a dozen 
would most likely suffice. 

In addition, hospitals could use 
proton linear accelerators to pro- 
duce neutrons for radiotherapy, 
radioisotopes for the growing field 
of nuclear medicine, and for 
charged particle radiography. Re- 
lated programs are underway now 
a t  Los Alamos. 

"Pions are an expensive but 
unique particle," noted Swenson, 
who has designed important ele- 
ments of PIGMI. "They are the only 
ones of the atomic 'menu' that 
slow down and stop at controllable 
points in matter, and then cause a 
nuclear explosion - one atom's 
worth. The charged fragments 
damage cells and tissue in the 
tumor." 

c -120 ME 

INJECTOR DRIFT TUBE LINAC 

The goal at LASL is now to build 
a prototype of the first and most 
difficult part of the PIGMI machine 
and test it by the end of 1978. If the 
first three meters of PIGMI (where 
work by Lash Hansborough of AT-1 
and Val Hart of MP-8 has been 
important) is successful, the Labo- 
ratory can take one of two routes. 

LASL could seek support with a 
major medical center to extend the 
design and then participate in the 
fabrication of a full-scale PIGMI. Or 
a smaller version that uses the 
same technology, but which would 
produce abundant quantities of 
neutrons, instead of pions, could 
be pursued. In either case, the 
machine could be assembled and 
completely operated in Los Alamos 
to ensure its reliability, then moved 
to a medical facility. Many people, 
including researchers from Denver 
hospitals, Stanford University, and 

250 kV 

About football-field-length, the PlGMi machine would be 
powerful and compact; but the seemingly simple concept 
required several fundamental developments in physics design 
and engineering. 

(DTL) 

Pennsylvania institutions, are 
awaiting the outcome. 

Designing PlGMl 
"It has been our primary thesis 

since the very beginning that the 
cost and complexity of this linear 
accelerator could be reduced in a 
number of ways," said Swenson. 
"This includes raising the frequen- 
cy, reducing the diameter of the 
cavity, raising the acceleration gra- 
dient, reducing its length, and 
lowering the required energy of the 
injector, which also reduces the 
injector's size and complexity. But 
to take advantage of these trends, 
it was necessary to develop suitable 
focusing schemes to contain the 
beam within the smaller structure." 

The problem is most severe 
within the first few meters of 
PIGMI, where the space available 
for focusing is completely inade- 

vvu3cu 
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quate i f  convontioiial tecliniqucx 
wc!re to be usecl. It is hcro that 
S we I i son's g to I I p i nvest ig a tc: d at 1 tl 
developed an altern;itin(l pliasc- 
foc:u:;ed schetm where ttie clectro- 
magtietic rf fic:lds thernselvc:;, it1 
addition lo acci-!lwating lhc tioatn, 
alternately f0ctl.j and i tien tlc-lociis 
thc beam . ~- in tmth ttic IongitLitlirial 
arid t i w m w s o  di I-rrciio tis. 

Past ttie first few meters of thc 
structure, A'T- D ivisi on p ropt~sos to 
solve the focusing problcm with 
po I-rna tie n t I 11 a (1 11 et quad r II po I E 
I (mw 1 hat can be corisidr!ratdy 
srna I IC! r tt i ii ri 1 ti ei r elc:ct ro rnz g notic 
cousins a t  LAMPF. 

" fo r  t h o  higti-encrgy portion o i  
tho mach i r 1 D , " :;aid A T  II) ivisi on 
Iwt ler  Ed Kntipp, "we plarinid 
originally to IISO rho side-coupled 
sir~icturc?, developed tier(-! for  tho 
large meson facility. But in tktf 
wi-irse of looking -for ways to rnake 

by converting am1 washer' sl.ructure in t.he Rus- 
sian vcrsiori of LLAMPF now under 
cons.iruction. Joe Mama, Jim Pot- 
lor, tind Fred I lurnptiry, all A T  1 ,  
have studied ,tthis structure for two 
years tnow, 'with very powerful 
(:(it npiJ ta t ional tools arid lijbora t ory 
rnodels, and hwt:  made a nurnber 
of improvomonts Lo it." 

Some rese;Jti:t-iers tiavc: favored 
ttic iise o-f electt-on accelerators to 
prcid ucc: pions for caricet research . 
13u-L alttiougti doctrone at'o rolatively 
t:asy 1.0 nccelleraie in rnodern-day 
physics, thcy arc: ncuded in num- 
bors 30 to 50 tirnes groater than the 
hoavier protons tu produce the 
sarnu intcmsii.y of pions. In a 
mactiiric! like lSIGMI, protons con- 
:;Lantly ctiango velocity, so thc 

mass i17rQ 
energy 

-~ 

- -- 
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accelerator itself must change in 
design along the way. At LASL, 
the team has chosen the proton 
accelerator approach for PlGMl and 
has set goals of simplifying the 
design and reducing the cost of 
LAMPF‘s little brother. 

How will it work? 
Each part of PlGMl is used only 

once to interact with a given bunch 
of particles as they move down the 
beam line in a few millionths of a 

second. Compared with circular 
”meson factories,” PlGMl would 
be powerful. The electromagnetic rf 
fields, set up by the klystron 
devices (see accompanying sketch), 
reverse directions at the rate of 450 
million times each second. Shields 
at specific locations prevent the 
deceleration of particles, which are 
only affected by the accelerating 
forces. So the particles’ velocities 
increase by a series of “kicks.” 

The proton beam starts at the 

Harold Lederer and Bob Sturgess test the operation of part of the PlGMl 
injector system, a 250-kilovolt power supply that is room-sized, in contrast 
to the four-story injectors at the meson facility where patients are now 
being tested. 
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injector room, the design of which 
has involved work by Bob Hamm, 
Harold Lederer, and Don Mueller of 
MP-12. A 250-kilovolt power supply 
and a duo-plasmatron ion source 
with an accelerating column pro- 
duce a beam of protons that is only 
a few millimeters in diameter. The 
ion source strikes an electric arc in 
the plasma of hydrogen gas, strip- 
ping off electrons. The gas goes to 
an expansion cup, from which 
protons can be extracted. 

The beam is now bunched with 
the aid of a double harmonic 
buncher, a piece of hardware never 
before built, that can be excited at 
450 and 900 megaHertz simulta- 
neously in a single cavity. The 
beam is also focused by a solenoid 
magnet of an advanced design, 
executed by Ed Bush of MP-8 and 
by the Lawrence Berkeley Labora- 
tory. 

In this same region, beam pro- 
perties will be measured and tuned 
to ensure the proper conditions for 
injection into the linear accelerator 
portion of the machine. The mea- 
surements and computer-based di- 
agnostic system are the responsi- 
bility of Jim Stovall, Shirley Kloster- 
buer, and Vince Martinez, all AT-1. 

The protons have not yet traveled 
far when they reach one of the 
key elements of PIGMI, the alter- 
nating phase-focused linac. Most 
linear accelerators today use quad- 
rupole lenses, effectively making 
four components from the beam. 
The PlGMl needed a new structure 
for the low-voltage injector and the 
high-frequency, high-gradient ac- 
celeration. By arranging the drift 
tube lengths and the gap positions, 
particles are exposed to electric 
fields at different intervals (alter- 
nately short, medium, and long 
gaps). This causes the particles to 
be focused and defocused, affect- 
ing the beam diameter. 

This means the drift tube, 
through which the beam passes, 
can be made smaller than ever 
before. It also means PlGMl can 
have higher frequencies of beam, 
while at the same time using lower 
energies. ”It has been the want of 
the alternating phase-focused linac 
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to 75per cent of 
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that lias kept other developments t to l ,  arid there is  no electric 
a t  bay," Swensoti atlcled. 

"'There are outstanding talents in 
art? another PIGMI innovation, due the group .for developing rf 
i n  groat pat t 1 0  Japanese visitor so\irces," Svvenson continued," 
Norio Saito, who has now returned "1:)ut wo have choserl lhe PIGMI 
to his homcland. Normally, BCC(?I- frequencies to be compatible with 
erotors utilize quality iron cores comrnercially available klystrons 
with ctlectric wire windings 't:o hold tfcveloped for. defctnse applica- 
a stable electric field. But the tions." PIGMI contains two types 
smal lcr, rare-sari h cobalt r lriets of klystrons, cine for the drift tube 
art: effective pernianently hout lirwat accelerator and one for the 
any wire winding:;. They require no "power end," .the coupletj-cavity 
power supply, no cooling, no con- 

' ' rip p IF!. ' ' 
I"crmanent rnagrietic quadrupoles 

liric!ar accelerator. 

Here the "disk and washer'' 
structure developed in Russia is 
employed. Swenson explained that 
the cell-to-cell coupling coefficient 
is rated at 50 per cent, compared to 
the five per cent value at  LAMPF. 
And here, PIGMl's beam will reach 
its intensity of 650 million electron 
volts, at a tenth of the current used 
at LAMPF. This translates into a 
less expensive machine. 

Another possible feature for 
PIGMI was developed during the 
past year by Hikaru Inoue, another 
Japanese visitor who also has 
returned home after a one-year Los 
Alamos stay. A system of magnets 
could be used to allow the facility 
to be "benl back" on itself in the 
center, thereby reducing the length 
and required real estate. 

Val Hart works on 'piglet,' a test cavily Irsetl For engineering arid fabrication studies. The device is also used to 
glean data from litAd gradient tests as lhe PIGMI pn~totypes near completion. 
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This system of magnets would 
need very special properties: it 
would be able to bend all com- 
ponents of the beam by the same 
amount, and do so in the same 
amount of time regardless of the 
range of particle energies within the 
beam. This combination of achro- 
matic and isochronous conditions 
has never been designed before, to 
Swenson's knowledge. 

The beam is directed to the 
treatment area, where several tar- 
gets may be available. Many pion 
channels, using magnets and aper- 

From the lab, into the world 
tures, select a certain set of pions 
and direct them to cancer patients. 

The targets would be "hot" in 
the radioactive sense, as they are at 
LAMPF, but other parts of PIGMI 
should not pose problems for main- 
tenance personnel. 

In the future, a hospital could 
have several treatment areas for 
patients, who would spend 15 
minutes or less each time they were 
treated with pions. Assuming a 

PIGMI use of 10 hours a day, with 
three or four treatment areas, 100 
treatments a day or more would be 
feasible. Many medical institutions 
in the country currently have that 
much demand for a PIGMI 
machine. 

"This represents a new breed of 
linear accelerator," said Swenson. 
"One of our interests is to bring it 
out of the physics labs and out into 
the world." 

The 'disk and washer' system, adapted from a Russian design and examined by Fred Humphry and Dave Keffler, 
has a high coupling coefficient and will aid in reducing PIGMl's cost. The radially-stemmed piece is a newer 
experimental design. 
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Developed at  LASL, the alternating pha!;e-focused linac assembly, shown by Don Swenson and Ed Bush 
expected to focus the PlGMl beam in a srriall amount of space. 

, is 
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10 Years Ago 
TRANSFER OF ROSER 

Herman E. Roser, Manager of the AEC's Los Alamos Area Office since 
February, 1967, will transfer to Commission headquarters in Washington, 
D.C. soon as assistant director of the Division of Military Application.' In 
his new position, Roser will assist the director of DMA in the development 
of programs and plans and in the management of commission's research 
development, testing and production activities for nuclear weapons. Roser 
joined the AEC in 1961. 

SUPERMARKET SPECIALS 

Items on sale at a local store included the following: coffee - 569 Ib.; 
200-count facial tissue - 189; hen turkeys - 38p Ib.; fancy apples - 22p Ib. 

HONOR FOR MARIA 

Maria Martinez, "The Potter of San Ildefonso," will receive a special 
citation from the president and board of trustees of the American Ceramic 
Society at the group's 21st Pacific Coast Regional Meeting to be held this 
month. 

This will be only the third time in the 69-year history of the Society that 
such an award has been made. Living in the pueblo of San lldefonso near 
Los Alamos, Maria's unusual qualities have gained her fame throughout 
the world. The American Ceramic Society is an organization of more than 
10,000 ceramic engineers, scientists, educators, suppliers, and industrial 
designers from the United States and 52 other countries. 

EXHIBIT AT BERKELEY 

LASL's exhibit at the University of California's Centennial Caravan 
attracted the attention of many campus officials at the opening of the 
traveling show at the Harmon Gymnasium in Berkeley last week. A model 
of M P-Division's Electron Prototype Accelerator and a large color 
panorama of Los Alamos are featured in the display. The caravan which 
portrays 100 years of University history and achievements will travel to 
various locations in the state. 

Culled from the October, 1968 
files of The Atom 

and the Los Alamos Monitor 
by Robert Y. Porton 
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The smallest drift tube configuration explored for the PlGMl accelerator 
prototype is examined by Lash Hansborough and Jerry Johnson, both 
AT-1. Testing of critical parts for PlGMl - destined for availability at 
regional hospitals - should be completed this fall. 


